For several decades, patients with obstinate diseases such as leukemia, sickle cell anemia, and immune disorders have been treated with bone marrow transplant, of which therapeutic potential results from the regeneration capability of hematopoietic stem cells (HSCs). The dramatic regeneration potential of HSCs has been proven in tens of thousands cases since it is firstly performed in 1959 (Orkin and Zon, 2008) . The regeneration potential of non-HSC stem cells derived from various tissues such as brain, bone marrow, peripheral blood, blood vessels, skeletal muscle, skin, teeth, heart, gut, liver, ovarian epithelium, and testis (Laird et al., 2008; Murry and Keller, 2008) has drawn much attention so that numerous studies have been performed in order to apply such stem cells' properties to therapeutic purpose. In late 1960s, bone marrow stromal stem cells (also called mesenchymal stem cells: MSCs) were discovered to co-exist with HSCs in adult bone marrow (Friedenstein et al., 1968) . These non-HSC stem cells in bone marrow, of which known function was to support HSCs, were later demonstrated to be capable of multi-differentiating into various mesenchymal tissues such as bone, cartilage, fat, muscle, and fibrous connective tissue (Pittenger et al., 1999) . Moreover, adult brain, which has been believed to be one of the terminally differentiated organs so that no regeneration was capable once it is damaged, has been shown to contain stem cells that generate nerve cells, non-neuronal astrocytes, and oligodendrocytes (Lendahl et al., 1990) . This outstanding work triggered search for adult stem cells in the other terminally differentiated tissues culminating in the discovery of various types of adult stem cells. Epithelial stem cells (Barker et al., 2007) , epidermal and follicular stem cells (Alonso and Fuchs, 2003; Lavker et al., 2003) , endothelial progenitor/stem cells (EPCs) (Stump et al., 1963; Asahara et al., 1999; Bhattacharya et al., 2000; Gehling et al., 2000) , cardiac stem cells (Bearzi et al., 2007) and so on, have been newly identified. Their functional characterization and the possible therapeutic potentials have been being extensively studied. On the other hand, with the technical advance of molecular biology, many outstanding researchers even achieved to obtain the artificial types of stem cells. Differentiation destiny of adult stem cells is limited to the specialized cell types of the tissue in which they reside. MSCs can only differentiate into the mesenchymal cell types as mentioned above. Nevertheless, recent studies have reported "transdifferentiation" that certain adult stem cells are able to differentiate into different cell types other than the predicted cell types by a set of specialized differentiation techniques. Furthermore, fully differentiated normal cells can be even artificially converted to embryoniclike stem cells through 'reprogramming' by genetic introduction of a set of transcription factors producing 'induced pluripotent stem cells (iPSCs)' (Okita et al., 2007; Yu et al., 2007) . As such reprogramming technique enables the patient somatic cells such as skin fibroblasts to form their own pluripotent stem cells, which was impossible by then, cell therapy based on iPSCs derived from patient's own cells has been believed to overcome the current technical barriers such as ethical issues and allosteric immune rejection. Considering that the recent trials of a human embryonic stem cells (hESCs)-derived cell therapy were discontinued due to many serious barriers to the clinical trials of hESCs, including ethical issues, tumor formation, and immune rejection (Majumder and Cohen, 2009 ), generation of iPSCs would be one of the most critical scientific achievements in the cell-based regenerative medicine. However, several unexpected drawbacks of iPSCs have been reported to undermine the therapeutic potential of iPSCs-based cell therapy. Cells derived from iPSCs have been demonstrated to be immunogenic to the own body (Okita et al., 2011) . In addition, unlike the embryonic stem cells (ESCs), differentiation capability of iPSCs to a certain cell type is much favored to their somatic tissue of origin due to the epigenetic memory of the donor tissue. This may severely dampen the efforts for the directed differentiation. Thus, the possible therapeutic applications of iPSCs remain unresolved because of various technical challenges so far (Okita et al., 2011) .
Adult stem cells-based cell therapy was thought to be free from most of the risk that pluripotent stem cells-based therapy has shown (Condic and Rao, 2010) . Therefore, more than 70% of stem cells-based research was focused on the experimental and clinical applications of adult stem cells. Adult skin stem cells have been used to treat severe burns over past 20 years (Chen et al., 2009) . Successful transplantation of adult neural stem cells into the brain of Parkinson's disease patients restored control of movement by compensating for the loss of one specific type of nerve cells that control movement (Gaillard and Jaber, 2011) . Furthermore, transplantation of insulin-producing pancreatic stem cell together with blood transplants substituted for the repeated insulin injections in type I diabetes and even replenished healthy white blood cells to patients with malfunctioning immune systems (Longoni and Mosca, 2011) . However, adult stem cellsbased cell therapy is also not free from the technical challenge. The source of adult stem cells is too limited to supply sufficient amount for cell therapy because those should be isolated from each individual donor and then expanded by in vitro culture. Moreover, premature senescence and the following loss of stemness during in vitro culture make the stable production of adult stem cells even more difficult (Lee et al., 2009) . Unlike the conventional assumption that adult stem cells are free from the accumulated genetic mutation due to the existence of 'immortal DNA strand' (referred as 'immortal strand hypothesis') (Karpowicz et al., 2005; Rando, 2007) , genetic alteration of adult stem cells during continuous in vitro culture was described (Sareen et al., 2009; Tarte et al., 2010) . Thus, it is clear that there is a remote gap between the expectations of risk-free clinical application of stem cells including both pluripotent stem cells (hESCs and iPSCS) and adult stem cells and the current scientific circumstance of stem cells biology. The researchers of diverse fields of stem cells are currently dedicating their efforts to resolve the technical challenges, owing to the clear therapeutic advantages of stem cellsbased therapy as compared with the conventional approach in the aspect of the regenerative medicine.
This special issue provides the understanding of current status of stem cells-based cell therapy from basic biology to therapeutic applications. Nine outstanding review articles cover the topics of first, the biology and therapeutic potential of MSCs and EPCs in areas of tissue repair, immune modulation, diabetic vascularization, and tumor development, second, the development of iPSCs and amniotic fluid-derived stem cells (AFSCs) and their applications in disease treatment, and third, chemical approaches for drug development in stem cell research.
The first review by Hong et al. starts from basic cell biology of MSCs and delineates the molecular mechanism of reparative stem cell function of MSCs in damaged tissues. The unexpected properties and clinical perspectives of MSCs such as immune modulation and 'homing' action to the area of tumor are also discussed (Hong et al., 2012) . Continuously, the second review by Yi and Song excavates the suppressive function of MSCs in the proliferation of T and B lymphocytes, the maturation and terminal differentiation of dendritic cells and B lymphocytes, and the immune reactivity of natural killer cells and macrophages. The article further describes the mechanism of immunomodulatory effects of MSCs and introduces examples of animal and clinical uses of MSCs' immune-suppressive function in the treatment of immune-related diseases including graft-versus-host disease, rheumatoid arthritis, experimental autoimmune encephalomyelitis, sepsis, acute pancreatitis, and multiple sclerosis (Yi and Song, 2012) . Next, EPCs, a subpopulation of bone marrow stem cells that are critical for neovascularization and vascular homeostasis are overviewed. Kim et al. specifically discusses the functional defect of innate EPCs under diabetic conditions and suggests the mechanism for diabetic dysfunction of EPCs, which may result in the defective vascular function in the peripheral region and consequent diabetic vascular diseases . This review delineates an importance of the regulation of stemness or regeneration potential under a variety of stress condition and the link to human diseases. Lee et al. summarizes the possible link between a loss of stemness of stem cells and aging-related diseases such as cancer and degenerative diseases. The review describes the mal-differentiation of stem cells upon oncogenic challenges and the different responses important to determine either onset of cancer or degenerative diseases during aging. Moreover, the article indicates that stem cells are more susceptible to the oncogenic challenges than the other differentiated counterpart, proposing that stem cells would be a 'cell of origin' of a few cancers .
Novel approaches to generate iPSCs and AFSCs are introduced by the following reviews. Generation of patient-specific iPSCs, progression of iPSCs technology, and practical applications are introduced by Song et al. (2012) . In addition, Zhou et al. reviews the generation of hepatocyte-like cells from iPSCs and their clinical implications in understanding pathogenesis of hepatitis B virus (HBV) and hepatitis C virus (HCV) and providing screening systems for treating HBV or HCV infection-mediated cirrhosis and hepatic tumor (Zhou et al., 2012) . Joo et al. introduces the multipotent AFSCs, which were recently isolated from amniotic fluid and discusses characterization of stemness of AFSCs. The practical application of AFSCs as regenerative medicine is also discussed (Joo et al., 2012) .
The last part is composed of chemical approaches for drug development in stem cell research. Choi and Nam offer the high throughput screening tool to screen small molecules which promote self-renewal, direct cell lineage specification, and reprogram the genetic expression of adult stem cells (Choi and Nam, 2012) . Shin et al. broadly overviews most of current available engineering methods that are used in cell-based researches for chemical screening for stem cell drug development .
In summary, valuable reviews in this special issue present critical information on the advances in stem cell research fields covering from stem cells biology to current biomedical and chemical approaches to develop regenerative medicine and stem cell-based therapeutics for treating incurable degenerative human diseases. We expect that this special issue provides insights of stem cells research and their therapeutic opportunities and contributes to the advancement of the relevant research areas.
